A binder is any material used to strengthen the bonding of moulding sand grains. The primary function of the binder is to hold the moulding sand and other materialstogether to produce high-quality casts. In this study, there were four binder compositions being tested, i.e. 5% bentonite + 5% Portland cement, 4% bentonite + 6% Portland cement, 6% bentonite + 4% Portland cement, and 7% bentonite + 3% Portland cement. Each specimen was measured for its compressive strength, shear strength, tensile strength and permeability. The highest compressive strength was obtained fromthe specimen composed of 6% bentonite+ 4% Portland cement. The highest shear strength was obtained from the moulding sand with 7% bentonite+ 3%Portland cement. The highest tensile strength was obtained fromthe specimen contained 5% bentonite+ 5% Portland cement. The specimen composed of 5% bentonite + 5% Portland cement had the lowest permeability of 131 ml/min, while that of 6% bentonite + 4% Portland cement had the highest permeability of 176 ml/min..
Green sand casting is known for its low-cost production. However, due to its low-strength mould, cast defects are often found in the products of green sand casting in which clay is used as a binder. In order to avoid this shortcoming, dry sand can be used as a possible alternative, but it takes a long time for the casting to completely dry. Thus, as an attempt to produce a mould that can dry up in a short time, this following step can be taken, i.e. by utilising a type of binder which has no drawbacks such as the emergence of gas defects, poor fire resistance, costly production, and complex mould production process [1] . Several materials that can be used as special binders are water-glass, resin, cement, flour, and others. Binder, as a vital element in the composition of sand moulds, certainly affects the quality of casting products.
As a binding agent, bentonite is most commonly used alone [4] . In this study, the casting process involved the combination of bentonite and Portland cement as the moulding sand binder. This mixture was expected to generate a binder formula with a high level of binding that can minimise any potential defects in the casting products [4] .The standard composition of a binder is usually 7.5 -9.1% bentonite and 3.7 -4.5% water [3] . Also, other ingredients such as charcoal powder, flour, petroleum coke, or graphite flour by 1% are sometimesadded to create a smooth casting surface and allow easy casting removal [1] . Portland cement [5] is a moulding sand binder that can solidify itself and is composed of 85-88% silica sand, 6-12% cement,and 4 -8% water [6, 7] .It can also be added witha hardenersuch as molasses or calcium chloride as much as 50-100% of the total amount of cement. 
II. Material and method.
Data were collected through sand identification, compression, tensile and sheartesting, and permeability testing. The sand was combined with different amount of bentonite and Portland cement, i.e. 5% bentonite (B) + 5% Portland cement(PC), 4% bentonite (B) + 6% Portland cement(PC), 6% Bentonite (B) + 4% Portland Cement (PC), and 7% Bentonite(B) + 3% Portland cement (PC). The results of strength and permeability testing of each variation were averaged and compared.As a follow-up, a morphology testusing the Scanning Electron Microscope (SEM) was performedto identify the surface shape produced by the formula above.
III. Results and discussion.
Based on the test results, this section discusses the effect of variations in the binder composition of the moulding sand to improve the quality of casts. Several tests were carried out to assess the compressive, shear, and tensile strength, permeability and surface morphologyof sand mould composed of different amounts of bentonite (B) and Portland cement (PC) as the binder. The results of compression, shear, and tensile testingare presented in Table 1 .
A. Compression Testing on the Moulding Sand
The compression testing on the specimen composed of 5% bentonite and 5% Portland cement showed that it had a compressive strength of 7.2 (N/Cm2) or 72 KN/m. The compressive strength of themouldcomposed of 4% bentonite and 6% Portland cement was 7.03 (N/Cm2); this value inkN/m 2 in line with Tjitro and Hendri was 70.3 kN/m2. The specimen composed of 6% bentonite and 4% Portland cement had a compressive strength of 8.13 (N/Cm2) or 81.3 kN/m2. The combination of 7% bentonite and 3% Portland cement generated a mould with a compressive strength of 8.3 (N/Cm2) or 83 kN/m2. [8] stated that the ideal of compressive strength of green sand mouldis between 0-1.0kg/cm2. Therefore, the four specimenscan be considered of having an ideal compressive strength (0> 0.0073-0.0083 <1 kg/cm2) [9] .
B. Shear Testing on the Moulding Sand
To measure the maximum shear strength, each sand mould was subjected to shear loading until it was damaged or broken. If the shear strength of a mould is low, the molten metal will flowthrough the mouldwallandwash away the sand, causing sand erosion and inclusion [3] .The standard shear strength is 1.5-7 Psi. Based on the shear testing result, the sand mould composed of 5% bentonite and 5% Portland cement had a shear strength of 2.8 (N/Cm2) or 28 KN/m2. Theshear strength of that composed of 4% bentonite and 6% Portland cement was 2.7 (N/Cm2) or 27 KN/m2. The combination of 6% bentonite and 4% Portland cementgenerated a sand mould with a shear strength of 2.63 (N/Cm2) or 26.3 KN/m2.The shear strength of the specimen contained a mixture of7% bentonite and 3% Portland cement was 2.86 (N/Cm2) or 28.6 KN/m2. In sum, the shear strength of the four specimens has fulfilled the standard of shear strength of a sand mould, i.e. 1.5-7 Psi or 1.04-4.83 N/cm2 [10] .
C. Tensile Testing on the Moulding Sand
The tension testing was performed to determine the maximum tensile strength of the moulding sand per unit area until broken. Low tensile strength will cause mould shrinkagedue to the volume contraction of the molten metal. According to [11] , the standard tensile strength of amoulding sand is 1-6 Psi. The tensile testing on the specimen composed of 5% bentonite and 5% Portland cement showed that it had a tensile strength of 0.51 (N/cm 2 ) or 5.1 kN/m2. The tensile strength of the mould composed of 4% bentonite and 6% Portland cement was 0.51 (N/Cm2) or 5.1 kN/m2. The specimen composed of 6% bentonite and 4% Portland cement had a tensile strength of 0.51 (N/cm 2 ) or 5.1 kN/m 2 . The combination of 7% bentonite and 3% Portland cement generated a mould with a tensile The strength testing (compressive, shear, tensile) was followed up with the SEM testing. The results of SEM analysis on four moulds made of mixtures with different concentrations of sand, bentonite and Portland cement are presented in Figure 1 .
D. Permeability Testing
Permeability testing was carried out to determine the ability of the moulding sand to transmit fluid or gasesthrough unit area of specimen per unit time (ml/cm 2 ).
The low permeability of moulding sand causes difficulty for air to pass through the grains. As a result, when molten metal is poured, gases/air cannot escape and hence defect in the casting.In contrary, gases can come out much more easily in a mould with high permeability [12] . However, if the permeability is too high, the molten metal poured can seep in between the sand grains and result in a rough surface on the casting [12] . 
